
 

n engl j med 

 

349;20

 

www.nejm.org november 

 

13, 2003

 

1893

 

The

 

 new england

journal 

 

of

 

 medicine

 

established in 1812

 

november

 

 

 

13

 

, 

 

2003

 

vol. 349 no. 20 

 

Valsartan, Captopril, or Both in Myocardial Infarction Complicated 
by Heart Failure, Left Ventricular Dysfunction, or Both

 

Marc A. Pfeffer, M.D., Ph.D., John J.V. McMurray, M.D., Eric J. Velazquez, M.D., Jean-Lucien Rouleau, M.D., 
Lars Køber, M.D., Aldo P. Maggioni, M.D., Scott D. Solomon, M.D., Karl Swedberg, M.D., Ph.D., 

Frans Van de Werf, M.D., Ph.D., Harvey White, D.Sc., Jeffrey D. Leimberger, Ph.D., Marc Henis, M.D., 
Susan Edwards, M.S., Steven Zelenkofske, D.O., Mary Ann Sellers, M.S.N., and Robert M. Califf, M.D., 

for the Valsartan in Acute Myocardial Infarction Trial Investigators*

abstract

 

From the Cardiovascular Division, Brigham
and Women’s Hospital, Boston (M.A.P.,
S.D.S.); the Department of Cardiology,
Western Infirmary, Glasgow, Scotland
(J.J.V.M.); the Duke University Medical
Center, Durham, N.C. (E.J.V., J.D.L., M.A.S.,
R.M.C.); the Montreal Heart Institute, Mon-
treal (J.-L.R.); the Department of Cardiolo-
gy, Rigshospitalet, Copenhagen, Denmark
(L.K.); the Associazione Nazionale Medici
Cardiologi Ospedalieri Research Center,
Florence, Italy (A.P.M.); the Department
of Medicine, Sahlgrenska University Hos-
pital–Östra, Göteborg, Sweden (K.S.); the
Leuven Coordinating Center, Leuven, Bel-
gium (F.V.W.); the Cardiology Depart-
ment, Green Lane Hospital, Auckland,
New Zealand (H.W.); Medical Pharmaceu-
tical Consultants, Randolph, N.J. (M.H.);
and Novartis Pharmaceuticals, East Han-
over, N.J. (S.E., S.Z.). Address reprint re-
quests to Dr. Pfeffer at the Cardiovascular
Division, Brigham and Women’s Hospital,
75 Francis St., Boston, MA 02115, or at
mpfeffer@rics.bwh.harvard.edu.

*The Valsartan in Acute Myocardial Infarc-
tion (VALIANT) trial investigators are list-
ed in the Appendix.

N Engl J Med 2003;349:1893-906.

 

Copyright © 2003 Massachusetts Medical Society.

 

background

 

Angiotensin-converting–enzyme (ACE) inhibitors such as captopril reduce mortality
and cardiovascular morbidity among patients with myocardial infarction complicated
by left ventricular systolic dysfunction, heart failure, or both. In a double-blind trial, we
compared the effect of the angiotensin-receptor blocker valsartan, the ACE inhibitor
captopril, and the combination of the two on mortality in this population of patients.

 

methods

 

Patients receiving conventional therapy were randomly assigned, 0.5 to 10 days after
acute myocardial infarction, to additional therapy with valsartan (4909 patients), valsar-
tan plus captopril (4885 patients), or captopril (4909 patients). The primary end point
was death from any cause.

 

results

 

During a median follow-up of 24.7 months, 979 patients in the valsartan group died, as
did 941 patients in the valsartan-and-captopril group and 958 patients in the captopril
group (hazard ratio in the valsartan group as compared with the captopril group, 1.00;
97.5 percent confidence interval, 0.90 to 1.11; P=0.98; hazard ratio in the valsartan-
and-captopril group as compared with the captopril group, 0.98; 97.5 percent confi-
dence interval, 0.89 to 1.09; P=0.73). The upper limit of the one-sided 97.5 percent con-
fidence interval for the comparison of the valsartan group with the captopril group was
within the prespecified margin for noninferiority with regard to mortality (P=0.004)
and with regard to the composite end point of fatal and nonfatal cardiovascular events
(P<0.001). The valsartan-and-captopril group had the most drug-related adverse events.
With monotherapy, hypotension and renal dysfunction were more common in the val-
sartan group, and cough, rash, and taste disturbance were more common in the capto-
pril group.

 

conclusions

 

Valsartan is as effective as captopril in patients who are at high risk for cardiovascular
events after myocardial infarction. Combining valsartan with captopril increased the
rate of adverse events without improving survival.
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ultiple randomized, placebo-

 

controlled trials involving a total of more
than 100,000 patients have demonstrat-

ed that angiotensin-converting–enzyme (ACE) in-
hibitors reduce the risk of death as well as the risk
of major nonfatal cardiovascular events after myo-
cardial infarction.

 

1-8

 

 The greatest relative and abso-
lute benefits have been obtained with long-term
ACE-inhibitor therapy in high-risk patients — spe-
cifically, in those with left ventricular dysfunction,
signs or symptoms of heart failure, or both.

 

9,10

 

 An-
giotensin-receptor blockers offer an alternative ap-
proach to the inhibition of the renin–angiotensin
system.

 

11

 

 The identification of a functioning chy-
mase in humans that is capable of generating angi-
otensin II independently of ACE provides a rationale
for inhibiting the deleterious actions of angioten-
sin II at the AT

 

1

 

 receptor more completely with an
angiotensin-receptor blocker.

 

12

 

 The discoveries of
other angiotensin receptors with putatively favor-
able effects on cardiovascular function and structure
support the hypothesis that angiotensin-receptor
blockers, by promoting the unopposed stimulation
of these receptors,

 

13

 

 may offer clinical benefits be-
yond those achieved with ACE inhibitors. Alterna-
tively, since the augmentation of bradykinin levels
may also contribute to the net therapeutic benefits of
ACE (kininase II) inhibitors, concurrent treatment
with an ACE inhibitor and an angiotensin-receptor
blocker might be the most effective strategy.

We conducted the Valsartan in Acute Myocardial
Infarction (VALIANT) trial to test the hypothesis that
treatment with valsartan, an angiotensin-receptor
blocker, alone or in combination with captopril, an
ACE inhibitor, would result in better survival than
treatment with a proven ACE-inhibitor regimen.
Our design also specified analyses to assess nonin-
feriority if valsartan was neither clearly superior nor
clearly inferior to captopril.

 

14

 

study design

 

We conducted a randomized, double-blind trial at
931 centers in 24 countries. Men and women 18
years of age or older who had had acute myocardial
infarction (between 0.5 and 10 days previously) that
was complicated by clinical or radiologic signs of
heart failure, evidence of left ventricular systolic dys-
function (an ejection fraction ≤0.35 on echocardio-
graphy or contrast angiography and ≤0.40 on radio-

nuclide ventriculography), or both, as defined in the
three trials we used as reference studies, were eligi-
ble.

 

1,7,8

 

 At randomization, patients were required
to have a systolic blood pressure higher than 100
mm Hg and a serum creatinine concentration of less
than 2.5 mg per deciliter (221 µmol per liter). Pa-
tients were permitted to have received an ACE inhib-
itor or angiotensin-receptor blocker up to 12 hours
before randomization. The main criteria for exclu-
sion were a previous intolerance or contraindication
to an ACE inhibitor or angiotensin-receptor blocker,
clinically significant valvular disease, another dis-
ease known to limit life expectancy severely, and the
absence of written informed consent.

 

14

 

Consenting, eligible patients were randomly as-
signed in a 1:1:1 ratio to receive valsartan monother-
apy, valsartan plus captopril, or captopril mono-
therapy; an automated, interactive voice-response
system was used for randomization. Therapy was
begun with either 20 mg of valsartan, 20 mg of val-
sartan plus 6.25 mg of captopril, or 6.25 mg of cap-
topril. Doses were gradually increased in four steps,
with the goal of reaching step 3 (80 mg of valsartan
twice daily, 40 mg of valsartan twice daily and 25 mg
of captopril three times daily, or 25 mg of captopril
three times daily) during the initial hospitalization
and step 4 (160 mg of valsartan twice daily, 80 mg of
valsartan twice daily and 50 mg of captopril three
times daily, or 50 mg of captopril three times daily),
if clinically possible, by the three-month visit. Inves-
tigators increased or decreased the doses of the
study drugs at their discretion according to the pa-
tient’s clinical status. Study visits took place six
times during the first year and at four-month inter-
vals thereafter; at each visit, clinical status, study
outcomes, drug tolerance, quality of life, and phar-
macoeconomic variables were assessed. All pre-
specified end points were adjudicated by a clinical
end-point committee that was unaware of the treat-
ment-group assignments. Definitions of the end
points are presented in Supplementary Appendix 1
(available with the full text of this article at www.
nejm.org). A single independent data and safety
monitoring board and the institutional review board
or ethics committee at each participating site ap-
proved the protocol.

The Duke Clinical Research Institute and the
Leuven Coordinating Center performed data proc-
essing and site management independently of the
sponsor. Until the data base was locked, only the
data and safety monitoring board and an independ-

m

methods
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ent drug-distribution group maintained the code
used for treatment-group assignments. All analyses
were performed at the Duke Clinical Research Insti-
tute and were verified by the sponsor. The manu-
script was prepared by the academic researchers,
who made the publication decisions, and was re-
viewed by the sponsor.

 

statistical analysis

 

There were two primary treatment comparisons:
valsartan versus captopril, and valsartan plus capto-
pril versus captopril. A two-sided significance level
of 0.0253 (with Sidak’s adjustment for multiple
comparisons)

 

15

 

 was used for both comparisons.
The trial was designed to enroll approximately
14,500 patients, with follow-up continuing until at
least 2700 deaths had occurred, providing a power
of 86 to 95 percent to detect a reduction of 15.0 to
17.5 percent in the risk of death from any cause. For
the primary end point (mortality from any cause)
and secondary cardiovascular outcomes, the treat-
ment groups were compared on an intention-to-treat
basis with the use of a Cox proportional-hazards
model with adjustment for age and the presence or
absence of previous myocardial infarction, as pre-
specified in the protocol. Event-rate curves were
generated according to the method of Kaplan and
Meier.

If valsartan did not prove to be superior to cap-
topril, the noninferiority of valsartan relative to cap-
topril was to be assessed without further adjustment
of the significance level for interim analyses, since
the trial was not to be concluded early because of
any interim findings regarding noninferiority. In
addition to the confidence interval, the P value for
the test of the null hypothesis of inferiority is also
provided for the assessment of noninferiority. On
the basis of the reduction in mortality with the use
of ACE inhibitors as compared with placebo in pre-
vious trials,

 

1,7,8,10

 

 the threshold considered to in-
dicate noninferiority with regard to the hazard ratio
for death in the valsartan group as compared with
the captopril group was prespecified as 1.13. This
threshold preserves at least 55 percent of the sur-
vival benefit of an ACE inhibitor. An estimate of the
effectiveness of valsartan as compared with that of
an imputed placebo was derived by the methods of
Fisher

 

16

 

 and Hasselblad and Kong.

 

17

 

 Under the as-
sumption of a risk reduction of 0 to 2.5 percent with
valsartan as compared with captopril, 2700 events
would provide the study with a power of 74 to 88
percent to demonstrate that valsartan is as effective

as captopril, given a one-sided hypothesis, with a
significance level of 0.0253.

For the assessment of noninferiority, in addition
to the intention-to-treat analysis, we conducted a
per-protocol analysis including patients who satis-
fied the criteria for inclusion with regard to acute
myocardial infarction and who had received at least
one dose of the study medication. Assessments of
safety and tolerability were based on all patients who
underwent randomization and received at least one
dose of the study medication. The Cox model was
used to assess the effect of each treatment on the
time to a reduction in the dose or permanent dis-
continuation of the study medication. A repeated-
measures generalized linear model was used to
assess trends in blood pressure and the heart rate
over time. Pearson’s chi-square statistic was used to
compare the treatment groups with respect to the
use of open-label medications, as well as for a post
hoc analysis of cumulative hospital admissions for
myocardial infarction or heart failure.

Preplanned biennial interim analyses (seven in
total) were performed by an independent statisti-
cian and reviewed by the data and safety monitoring
board. The significance level for the primary as-
sessment of superiority was adjusted with the use of
a Lan–DeMets alpha spending function (O’Brien–
Fleming type).

 

study patients

 

From December 1998 through June 2001, a total of
14,808 patients were enrolled.

 

18

 

 Information from
105 patients at one site was censored before un-
blinding, because the adequacy of the informed-
consent process could not be ensured. The charac-
teristics of the remaining 14,703 patients (4909 in
the valsartan group, 4885 in the valsartan-and-cap-
topril group, and 4909 in the captopril group) are
summarized in Table 1.

Study medication was administered to all but 77
patients (0.5 percent; 24 patients in the valsartan
group, 23 in the valsartan-and-captopril group, and
30 in the captopril group). The median duration of
follow-up was 24.7 months, for a total of 29,226
cumulative patient-years. At the completion of the
trial, the vital status was unavailable for 139 patients
(0.9 percent; 53 patients in the valsartan group,
48 in the valsartan-and-captopril group, and 38 in
the captopril group), 55 of whom had withdrawn
consent.

results
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end points

 

Mortality

 

Mortality from any cause and cause-specific mortal-
ity were similar in the three treatment groups. A to-
tal of 979 patients in the valsartan group (19.9 per-
cent) died, as did 941 in the valsartan-and-captopril
group (19.3 percent) and 958 in the captopril group
(19.5 percent). The hazard ratio for death in the val-
sartan group as compared with the captopril group
was 1.00 (97.5 percent confidence interval, 0.90 to
1.11; P=0.98), and the hazard ratio for death in the
valsartan-and-captopril group as compared with the
captopril group was 0.98 (97.5 percent confidence
interval, 0.89 to 1.09; P=0.73) (Fig. 1). The Kaplan–
Meier estimates of mortality at one year were 12.5

percent in the valsartan group, 12.3 percent in the
valsartan-and-captopril group, and 13.3 percent in
the captopril group.

 

Cardiovascular Morbidity and Mortality

 

The rate of the secondary end point of death from
cardiovascular causes, recurrent myocardial infarc-
tion, or hospitalization for heart failure was similar
in the three groups (Fig. 1). The hazard ratios for
death from cardiovascular causes and for a hierarchy
of composite cardiovascular outcomes generated
by adding important nonfatal cardiovascular events
(recurrent myocardial infarction, hospitalization for
heart failure, resuscitation from cardiac arrest, and
stroke) to death from cardiovascular causes were all

 

Table 1. Base-Line Characteristics of the Patients.*

Characteristic
Valsartan Group

(N=4909)
Valsartan-and-Captopril Group

(N=4885)
Captopril Group

(N=4909)

 

Age — yr 65.0±11.8 64.6±11.9 64.9±11.8

Race — no. (%)

White 4604 (93.8) 4553 (93.2) 4591 (93.5)

Black 125 (2.5) 137 (2.8) 145 (3.0)

Asian 44 (0.9) 53 (1.1) 44 (0.9)

Other 136 (2.8) 142 (2.9) 129 (2.6)

Female sex — no. (%) 1544 (31.5) 1490 (30.5) 1536 (31.3)

Blood pressure — mm Hg

Systolic 122.7±16.8 122.5±17.1 122.8±17.0

Diastolic 72.3±11.3 72.3±11.4 72.4±11.2

Heart rate — beats/min 76.2±13.0 76.2±12.7 76.2±12.8

Body-mass index†

Median 27.34 27.24 27.14

Interquartile range 24.69–30.47 24.62–30.35 24.54–30.22

Left ventricular ejection fraction — %‡ 35.3±10.4 35.3±10.3 35.3±10.4

Killip class — no. (%)

I 1294 (26.5) 1381 (28.4) 1424 (29.1)

II 2401 (49.2) 2329 (47.9) 2346 (48.0)

III 874 (17.9) 842 (17.3) 813 (16.6)

IV 313 (6.4) 312 (6.4) 306 (6.3)

Medical history — no. (%)

Myocardial infarction 1395 (28.4) 1376 (28.2) 1333 (27.2)

Hypertension 2732 (55.7) 2700 (55.3) 2690 (54.8)

Diabetes mellitus 1134 (23.1) 1146 (23.5) 1120 (22.8)

Heart failure 759 (15.5) 701 (14.4) 714 (14.5)

Stroke 292 (5.9) 305 (6.2) 298 (6.1)

Smoking 1556 (31.7) 1546 (31.6) 1562 (31.8)

Coronary-artery bypass grafting 355 (7.2) 327 (6.7) 344 (7.0)

Percutaneous coronary intervention 376 (7.7) 337 (6.9) 354 (7.2)
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similar for the valsartan group as compared with
the captopril group and for the valsartan-and-cap-
topril group as compared with the captopril group
(Table 2).

 

Subgroup Analyses

 

The examination of prespecified subgroups showed
no heterogeneity in the effects of treatment on the
risk of death or on the secondary composite cardio-
vascular end point (Fig. 2). In particular, there was
no excess hazard of either death or the composite

cardiovascular outcomes among patients who re-
ceived valsartan plus captopril in addition to back-
ground beta-blocker therapy (Fig. 2).

 

Hospitalizations for Myocardial Infarction 
and Heart Failure

 

A post hoc analysis of the rate of investigator-
reported hospital admissions for either myocardial
infarction or heart failure showed that 919 patients
in the valsartan group (18.7 percent) had a total of
1447 hospitalizations, 834 patients in the valsartan-

 

*

 

Plus–minus values are means ±SD. Data on left ventricular ejection fraction were available for 3788 patients in the val-
sartan group, 3772 in the valsartan-and-captopril group, and 3778 in the captopril group. Data on Killip class were miss-
ing for 27 patients in the valsartan group, 21 patients in the valsartan-and-captopril group, and 20 patients in the capto-
pril group. Data on whether there was an anterior myocardial infarction were missing for 202 patients in the valsartan 
group, 192 in the valsartan-and-captopril group, and 197 in the captopril group; data on inferior myocardial infarction 
were missing for 253 patients in the valsartan group, 231 in the valsartan-and-captopril group, and 248 in the captopril 
group; data on Q-wave myocardial infarction were missing for 173 patients in the valsartan group, 170 in the valsartan-
and-captopril group, and 179 in the captopril group; data on non–Q-wave myocardial infarction were missing for 252 pa-
tients in the valsartan group, 244 in the valsartan-and-captopril group, and 245 in the captopril group.

† The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Treatment with angiotensin-converting–enzyme (ACE) inhibitors and angiotensin-receptor blockers was stopped before 

randomization.

 

§ To convert values for creatinine to micromoles per liter, multiply by 88.4.

 

Table 1. (Continued.)

Characteristic
Valsartan Group

(N=4909)
Valsartan-and-Captopril Group

(N=4885)
Captopril Group

(N=4909)

 

Median no. of days from myocardial infarction 
to randomization

4.8 4.9 4.9

Site of qualifying myocardial infarction — no. (%)

Anterior 2765 (58.7) 2831 (60.3) 2796 (59.3) 

Inferior 1586 (34.1) 1601 (34.4) 1618 (34.7)

Type of qualifying myocardial infarction — no. (%)

Q-wave 3116 (65.8) 3132 (66.4) 3195 (67.5) 

Non–Q-wave 1512 (32.5) 1494 (32.2) 1452 (31.1) 

Thrombolytic therapy — no. (%) 1741 (35.5) 1711 (35.0) 1718 (35.0)

Primary percutaneous coronary intervention 
— no. (%)

731 (14.9) 730 (14.9) 717 (14.6)

Other percutaneous coronary intervention after 
myocardial infarction but before random-
ization — no. (%)

1012 (20.6) 949 (19.4) 955 (19.5)

Medication — no. (%)‡

ACE inhibitors 1936 (39.4) 1993 (40.8) 1888 (38.5)

Angiotensin-receptor blockers 54 (1.1) 53 (1.1) 67 (1.4)

Beta-blockers 3468 (70.6) 3439 (70.4) 3443 (70.1)

Aspirin 4481 (91.3) 4452 (91.1) 4485 (91.4)

Other antiplatelet agents 1232 (25.1) 1205 (24.7) 1210 (24.6)

Potassium-sparing diuretics 447 (9.1) 438 (9.0) 445 (9.1)

Other diuretics 2517 (51.3) 2459 (50.3) 2424 (49.4)

Hydroxymethylglutaryl coenzyme A reduc-
tase inhibitors

1658 (33.8) 1665 (34.1) 1691 (34.4)

Serum creatinine — mg/dl§ 1.1±0.3 1.1±0.3 1.1±0.4
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and-captopril group (17.1 percent) had a total of
1297 hospitalizations, and 945 patients in the cap-
topril group (19.3 percent) had a total of 1437 hos-
pitalizations (P=0.50 for the comparison of the pro-
portion of patients and P=0.51 for the comparison
of the number of admissions between the valsar-
tan group and the captopril group; P=0.005 for
the comparison of the proportion of patients and
P=0.007 for the comparison of the number of
admissions between the valsartan-and-captopril
group and the captopril group).

 

noninferiority

 

Because valsartan, alone or combined with capto-
pril, could not be considered to be superior or inferi-
or to captopril alone, we conducted our prespecified
series of analyses to test for noninferiority — com-
paring only the groups receiving valsartan or capto-
pril monotherapy. With regard to mortality, valsar-
tan was shown to be noninferior to captopril in both
the intention-to-treat and per-protocol populations.
In both analyses, the upper limit of the one-sided
97.5 percent confidence interval for the compari-
son between the valsartan group and the captopril
group was within the specified margin for noninfe-

riority (P=0.004 in the intention-to-treat analysis
and P=0.002 in the per-protocol analysis). These re-
sults demonstrate that valsartan is no less effective
than an ACE inhibitor in reducing the risk of death
in this population, as illustrated by the analysis in-
volving the imputed placebo that is summarized in
Figure 3. We estimated that valsartan had an effect
that was 99.6 percent of that of captopril (95 per-
cent confidence interval, 60 to 139 percent). The
narrow confidence intervals support the conclusion
that valsartan is at least as effective as captopril in
reducing the risk of major cardiovascular events
(Table 2).

 

tolerability and safety

 

The proportion of patients who were no longer tak-
ing the study medication at one year was 15.3 per-
cent in the valsartan group, 19.0 percent in the val-
sartan-and-captopril group, and 16.8 percent in the
captopril group (P=0.07 for the comparison be-
tween the valsartan group and the captopril group;
P=0.007 for the comparison between the valsar-
tan-and-captopril group and the captopril group).
Among the patients who were still taking the study
medication at one year, the mean (

 

±

 

SD) doses were

 

Figure 1. Kaplan–Meier Estimates of the Rate of Death from Any Cause (Panel A) and the Rate of Death from Cardiovascular Causes, Reinfarc-
tion, or Hospitalization for Heart Failure (Panel B), According to Treatment Group.

 

For the rate of death from any cause, P=0.98 for the comparison between the valsartan group and the captopril group and P=0.73 for the 
comparison between the valsartan-and-captopril group and the captopril group; for the rate of death from cardiovascular causes, reinfarction, 
or hospitalization for heart failure, P=0.20 for the comparison between the valsartan group and the captopril group and P=0.37 for the com-
parison between the valsartan-and-captopril group and the captopril group.
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247

 

±

 

105 mg of valsartan in the valsartan group,
116

 

±

 

53 mg of valsartan plus 107

 

±

 

53 mg of captopril
in the valsartan-and-captopril group, and 117

 

±

 

49
mg of captopril in the captopril group. The propor-
tions of patients taking the target doses were 56
percent, 47 percent, and 56 percent, respectively
(P=0.97 and P<0.001 for the two comparisons with
the captopril group).

At one year, open-label ACE-inhibitor treatment
was being used in 7.0 percent of the patients in the
valsartan group, 7.9 percent of those in the valsar-
tan-and-captopril group, and 7.7 percent of those
in the captopril group (P=0.25 and P=0.72 for the
two comparisons with the captopril group). Open-
label treatment with an angiotensin-receptor block-
er was being used in 1.5 percent of the patients in the
valsartan group, 3.0 percent of those in the valsar-
tan-and-captopril group, and 2.9 percent of those
in the captopril group (P<0.001 and P=0.82 for the
two comparisons with the captopril group).

The mean blood pressure at one year was 127/75
mm Hg in the valsartan group, 125/75 mm Hg in the
valsartan-and-captopril group, and 127/76 mm Hg
in the captopril group (P=0.17 for the comparison
of systolic blood pressure and P=0.32 for the com-
parison of diastolic blood pressure between the val-
sartan group and the captopril group; P<0.001 for
the comparisons of both systolic and diastolic blood
pressure between the valsartan-and-captopril group

and the captopril group). Although all patients re-
ceived active blood-pressure–lowering agents, the
valsartan-and-captopril group had a mean systolic
pressure that was 2.2 mm Hg lower than that in the
captopril group after randomization (P<0.001), and
the mean systolic pressure in the valsartan group
was 0.9 mm Hg lower than that in the captopril
group (P<0.001). The mean heart rate did not vary
significantly among treatment groups.

The groups were similar in terms of the number
of patients who permanently discontinued the study
treatment by their own decision, the most common
reason given for discontinuation (380 patients in the
valsartan group, 373 in the valsartan-and-captopril
group, and 355 in the captopril group; P=0.40 and
P=0.44 for the two comparisons with the captopril
group). The rate of adverse events related to the
study treatment, the next most frequent reason for
discontinuation, did differ among groups, with the
highest rate occurring in the valsartan-and-capto-
pril group and the lowest rate in the valsartan group
(Table 3). Definitions of the types of adverse events
that led to dose reductions or the discontinuation of
study treatment are provided in Supplementary Ap-
pendix 2 (available with the full text of this article at
www.nejm.org). There was a similar pattern in the
rates of adverse events leading to a reduction in the
dose of a study drug (Table 3). Clinical reports of hy-
potension were consistent with the blood-pressure

 

* Heart failure denotes hospitalization for the management of heart failure, and CI confidence interval.

 

Table 2. Cardiovascular Mortality and Morbidity.*

End Point

Valsartan 
Group

(N=4909)

Valsartan-and-
Captopril Group

(N=4885)

Captopril
Group

(N=4909) Valsartan vs. Captopril 
Valsartan and Captopril

vs. Captopril 

 

Hazard Ratio
(97.5% CI)

P
Value

P Value
for Non-
inferiority

Hazard Ratio
(97.5% CI)

P
Value

 

number (percent)

 

Death from cardiovascular causes 827 (16.8) 827 (16.9) 830 (16.9) 0.98 (0.87–1.09) 0.62 0.001 1.00 (0.89–1.11) 0.95

Death from cardiovascular causes 
or myocardial infarction

1102 (22.4) 1096 (22.4) 1132 (23.1) 0.95 (0.87–1.05) 0.25 <0.001 0.96 (0.88–1.06) 0.40

Death from cardiovascular causes 
or heart failure

1326 (27.0) 1331 (27.2) 1335 (27.2) 0.97 (0.90–1.05) 0.51 <0.001 1.00 (0.92–1.09) 0.94

Death from cardiovascular causes, 
myocardial infarction, or 
heart failure

1529 (31.1) 1518 (31.1) 1567 (31.9) 0.95 (0.88–1.03) 0.20 <0.001 0.97 (0.89–1.05) 0.37

Death from cardiovascular causes, 
myocardial infarction, heart 
failure, resuscitation after 
cardiac arrest, or stroke 

1612 (32.8) 1580 (32.3) 1641 (33.4) 0.96 (0.89–1.04) 0.25 <0.001 0.96 (0.89–1.04) 0.26
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levels in that the frequency of this adverse effect
leading to either a reduction in the dose of study
medication or the permanent discontinuation of
study treatment was highest in the valsartan-and-
captopril group and lowest in the captopril group
(Table 3).

Dose reductions and permanent discontinua-
tions of study medication for renal causes were
more frequent in the valsartan and the valsartan-
and-captopril groups (Table 3). There were no sig-
nificant differences in the number of patients with
a hospitalization attributed to renal dysfunction
(32 in the valsartan group, 30 in the valsartan-and-
captopril group, and 21 in the captopril group; P=
0.14 and P=0.21 for the two comparisons with the
captopril group).

Cough, taste disturbance, and rash leading to ei-
ther a dose reduction or the permanent discontinu-
ation of study treatment were more frequent in the
two groups that received captopril (Table 3). Angio-
edema leading to discontinuation was infrequent,
occurring in 34 patients (0.23 percent), and the rate
did not differ significantly among groups. No cases
requiring intubation were reported.

The use of ACE inhibitors in patients with myocar-
dial infarction has improved survival and reduced
the rates of major nonfatal cardiovascular events, es-
pecially when these agents are used for long-term
treatment in high-risk patients such as those with
signs of heart failure, evidence of left ventricular sys-
tolic dysfunction, or both.

 

9,10

 

 Consequently, inter-
national guidelines recommend ACE inhibitors
as first-line therapy for such patients.

 

19,20

 

 Clinical
trials testing the efficacy of angiotensin-receptor
blockers in this population of patients must there-
fore include a proven ACE inhibitor as an active
comparison treatment or as background therapy if
a placebo is used.

 

21

 

 With this approach, we found
that the angiotensin-receptor blocker valsartan, at
a target dose of 160 mg twice daily, is as effective as
a proven regimen of captopril in improving survival
and reducing cardiovascular morbidity.

To demonstrate noninferiority in this way re-
quires a rigorous trial design with specific pre-
planned statistical analyses. Trials designed to show
noninferiority require an appropriate reference pop-
ulation, a proven comparison agent and dose, a high
level of adherence to treatment, and adequate statis-
tical power.

 

22,23

 

 The criteria for inclusion in our trial

were almost identical to those used by the three sem-
inal studies showing the benefits of long-term ACE-
inhibitor treatment after myocardial infarction.

 

1,7,8

 

Moreover, the rates of cardiovascular events among
patients who received the ACE inhibitor in our study
were similar to those in the reference population.

Regarding the choice of comparison agent and
dose, captopril, ramipril, and trandolapril have all
been shown to be superior to placebo in long-term
trials involving high-risk patients with myocardial
infarction, resulting in an overall reduction in mor-
tality of 26 percent without significant heterogeneity
among agents (Fig. 3).

 

10

 

 Captopril offered the ad-
ditional advantage of being the ACE inhibitor whose
use within the first day after myocardial infarction
had been studied the most; in the Fourth Interna-
tional Study of Infarct Survival (ISIS-4), the drug was
associated with a survival advantage within the first
35 days.

 

3

 

 This was an important distinguishing fac-
tor, given that our protocol allowed the early initia-
tion of the study treatment (as early as 12 hours after
myocardial infarction).

In contrast to tests of superiority, analyses of non-
inferiority can be favorably biased because of poor
adherence. The rate of adherence to captopril treat-
ment in our study was similar to that in the Survival
and Ventricular Enlargement (SAVE) trial, which
showed the superiority of captopril over placebo.

 

1

 

Moreover, the prespecified per-protocol analysis in-
cluded only patients who met strict inclusion crite-
ria with regard to myocardial infarction and who
had received at least one dose of study medication;
the use of these criteria improves the comparison
between the per-protocol analysis and previous
studies of myocardial infarction and limits the in-
fluence of poor adherence. The analyses of noninfe-
riority involving the intention-to-treat and per-pro-
tocol populations gave consistent and statistically
significant results, which permits us to conclude
that valsartan provides the same benefits, in terms
of both survival and the risk of cardiovascular

discussion

 

Figure 2 (facing page). Hazard Ratios and 95 Percent 
Confidence Intervals for Death from Any Cause (Panels 
A and C) and for Death from Cardiovascular Causes, 
Reinfarction, or Hospitalization for Heart Failure (Panels 
B and D).

 

The valsartan group is compared with the captopril 
group in Panels A and B; the valsartan-and-captopril 
group is compared with the captopril group in Panels 
C and D.
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events, that were previously achieved with ACE in-
hibitors in similar populations of patients.

The combination of valsartan and captopril was
evaluated to determine whether incremental clini-
cal benefits could be achieved with two inhibitors of
the renin–angiotensin system. This combination
regimen did not reduce mortality or the rates of key
secondary outcomes in our population, despite ad-
ditional lowering of blood pressure and a clear in-
crease in the rate of intolerance to treatment. This
finding is apparently discordant with those of two
recent major trials involving patients with heart fail-
ure that demonstrated improvements in cardiovas-
cular outcomes with the addition of an angiotensin-
receptor blocker to conventional therapy including
an ACE inhibitor.

 

24-26

 

 Our study, however, differed
from these trials in terms of the population of pa-
tients and the regimens under study. Differences
in patterns of cardiovascular risk between patients
with stable heart failure and patients with acute my-
ocardial infarction — the latter having higher risks
of early death and myocardial infarction than the
former — may account for some of the observed
differences. In addition, in the heart-failure trials,
angiotensin-receptor–blocker therapy was added to
preexisting ACE-inhibitor therapy, and the two treat-
ments were not started concurrently, nor were the
doses titrated concurrently. Moreover, in our study,
we titrated the dose of the ACE inhibitor to a level
that has proven efficacy, whereas in the heart-failure

trials the angiotensin-receptor blocker was added
to a dose of an ACE inhibitor that was chosen by the
individual investigator. However, the fact that a post
hoc analysis in our study showed that combination
therapy resulted in an apparent reduction in the cu-
mulative rate of admission for recurrent myocardial
infarction or heart failure does at least suggest that
this therapy has biologic activity that might result
in the observations that have been made in patients
with heart failure. The role of combination therapy
with an angiotensin-receptor blocker and an ACE
inhibitor is currently being studied in a major trial
involving patients with vascular disease.

 

27

 

The inclusion of a combination-therapy group in
our study also provides additional insights regard-
ing the possible risks associated with the use of
angiotensin-receptor blockers in conjunction with
beta-blockers and ACE inhibitors — so-called triple
therapy.

 

24

 

 The recently published results of the Can-
desartan in Heart Failure — Assessment of Reduc-
tion in Mortality and Morbidity (CHARM) study
have allayed somewhat the concern about potential
risks in patients with chronic heart failure.

 

25,26

 

 Our
study, in which approximately 70 percent of the pa-
tients were taking a beta-blocker, showed no ad-
verse interaction with valsartan and no increased
risk associated with triple therapy in patients with
myocardial infarction complicated by heart failure,
left ventricular dysfunction, or both.

The Optimal Therapy in Myocardial Infarction
with the Angiotensin II Antagonist Losartan
(OPTIMAAL) trial compared the effects of the angi-
otensin-receptor blocker losartan with those of cap-
topril on survival and other major cardiovascular
outcomes in similar patients with high-risk myocar-
dial infarction.

 

28

 

 The findings of a trend in favor of
captopril did not satisfy the trial’s criteria for non-
inferiority. It has been suggested that the dose of
losartan used in that study and the titration schedule
followed were insufficient relative to the proven cap-
topril regimen.

 

29

 

 Our finding that there was greater
blood-pressure lowering (and more hypotension-
related adverse events) associated with valsartan,
which was administered in a dose that was at least as
effective as the dose of captopril used, supports this
view of the OPTIMAAL trial. When patients received
a dose of valsartan that had the same clinical benefit
as captopril, they were less likely than those re-
ceiving captopril to discontinue therapy because
of a drug-related adverse event. The increased fre-
quency of hypotension and renal problems associ-

 

Figure 3. Hazard Ratios and 95 Percent Confidence Intervals for Death from 
Any Cause with Active Treatment as Compared with Placebo in Several Studies.

 

SAVE denotes the Survival and Ventricular Enlargement trial, TRACE the Tran-
dolapril Cardiac Evaluation, and AIRE the Acute Infarction Ramipril Efficacy trial. 
The sizes of the symbols indicate the relative numbers of events in each study.
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